J Korean Neurosurg Soc 46 : [257][258][259][260] 2009 Intraventricular hemorrhage long after successful encephaloduroarterio synangiosis (EDAS) is very rare. The effect of revascularization surgery for preventing hemorrhagic event of moyamoya disease remains controversial. We report a 17-year-old female with intracerebral hemorrhage and intraventricular hemorrahge 10 years after successful EDAS. Even though cerebral vessels angiography showed good collateral circulations without specific weak points, a cerebral hemorrhage could occur in patient with ischemic type of moyamoya disease long after successful indirect bypass operations. Good collateralization of cerebral angiography or magnetic resonance perfusion image after indirect bypass surgery would ensure against ischemic symptoms, not a hemorrhage. And, thus a life-time follow-up strategy might be necessary even if a good collateral circulation has been established.
INTRODUCTION
Moyamoya disease is an unusual form of chronic, occlusive cerebrovascular disease characterized by bilateral stenosis or occlusion at the terminal portion of the internal carotid artery (ICA) and by an abnormal vascular network at the base of the brain 1, 3, 10, 14, 16) . There are two types of moyamoya disease: juvenile-onset and adult-onset 1, 3, 7) , and it has been suggested that these two types are actually clinically distinct entities 7) . Indirect bypass surgeries are known to be more effective for preventing recurrent attacks in children with juvenile-onset moyamoya disease than in adults with the hemorrhagic type 1, 3) . We present the case of a female patient with juvenileonset moyamoya disease who experienced an intracranial hemorrhage long after successful revascularization surgery.
CASE REPORT
A 17-year-old girl experienced a sudden mental change while she was running in a play ground. She presented with a drowsy mentality, irritability and left side motor weakness (grade IV). A brain computed tomographic scan on admission demonstrated an intracerebral hemorrhage in the right parietal lobe with an intraventricular hemorrhage (Fig. 1) . External ventricular drainage was undertaken to resolve obstructive hydrocephalus and drain the hematoma. Ten years ago, the patient had a symptomatic left hemisphere from repeated transient ischemic attacks (TIAs), whereas the right hemisphere had never been symptomatic before. At that time, she underwent sequential right then left side encephaloduroarterio synangiosis (EDAS) and subsequently, she experienced no symptoms of TIA or hemorrhagic attack until this admission.
Magnetic resonance imaging (MRI), perfusion MRI and magnetic resonance (MR) angiography were performed, and revealed parietal lobe edema around the hematoma, but no perfusion defect and a good collateral circulation. In perfusion MRI, relatively high perfusion was noted in the territory of the right side meddle cerebral artery (MCA), which implied the presence of hemodynamic stress (Fig. 2) .
On the other hand, MR angiography revealed good revascularization of bilateral MCA territories, which could have been due to grafted superficial temporal arteries and middle meningeal arteries. Cerebral vessel angiography was also performed, and showed remaining small amount of right basal moyamoya vessels but no definite evidence of a microaneurysm. Collateral vessels from the right superficial temporal artery to the right MCA territory were well formed ( Fig. 3) . The patient was discharged without any neurological deficit and complications.
DISCUSSION
In this case, we have shown that cerebral hemorrhage may occur long after good collateralization of indirect bypass surgery in moyamoya disease. Specifically, we have demonstrated good collateralization by perfusion MRI and cerebral angiography. This case thus lends probabilities to amend our old interpretation that hemorrhage usually develop in poor collateralization. Delayed hemorrhage long after successful revascularization surgery for juvenile-onset moyamoya disease is rare, but it has been reported. Three cases of juvenile-onset moyamoya disease were identified as delayed hemorrhage long after bypass surgery. There was one case of delayed intraventricular hemorrhage 5 years after indirect bypass surgery for juvenileonset moyamoya disease 12) . Another case, a 23-year-old female, showed delayed intracranial hemorrhage 16 years after undergoing bilateral EDAS due to TIA symptoms 5) . There was another case of a 25-year-old female with hemorrhage who experienced TIAs 17 years ago and underwent bilateral direct bypass surgeries 16 years ago 5) . The typical symptoms of juvenileonset moyamoya disease mainly involve repeated and progressive ischemic symptoms, while those of adult- A B onset disease are mainly hemorrhagic and relatively stable 1, 2) . About half of adult patients with moyamoya disease develop intracranial bleeding 8) . Even the good collateralization after indirect bypass, basal moyamoya vessels or hemodynamic stress can be aggravated. There are two main cause of intracranial bleeding in moyamoya disease; rupture of dilated, fragile moyamoya vessels or rupture of saccular aneurysm 8) .
Many reports have advocated that indirect revascularization surgeries are effective in preventing recurrent ischemic events in patients with juvenile-onset disease [1] [2] [3] . Ischemic symptoms do not always appear simultaneously in both hemispheres, there are some disagreements concerning the advisability of prophylactic bypass surgery on the asymptomatic side 12) . Bypass surgery on the asymptomatic hemisphere can be delayed until the development of ischemic symptoms, such as frequent TIAs 12) . The right hemisphere of this patient did not show the common clinical course of juvenile-onset moyamoya disease. It seems to be progressed into hemorrhagic type. The right hemisphere did not suffer any clinical symptoms, such as TIAs or hemorrhage, until this event. Prophylactic revascularization surgery for this patient did not prevent hemorrhage in the right hemisphere, and hemorrhage occurred 10 years after bypass surgery. The clinical course of the disease resembled that of adult-onset moyamoya disease.
The proposed mechanisms of hemorrhage in moyamoya disease are as follows. Impairment of the hemodynamic reserves required to change the intracranial perfusion pressure and failure of moyamoya blood vessels due to elevated hemodynamic stress could result in hemorrhage 11, 15) . Microaneurysms in moyamoya vessels could also act as sources of cerebral hemorrhage 14) . However, in the majority of cases, recurrent hemorrhages do not result from breakdown at specific weak points, but are rather caused by diffuse vulnerabilities of collateral vessels adjacent to the lateral ventricle 7) . Gradient-echo T2-weighted 3-T MRI is a good tool for detecting microbleeds, which are regarded as a general marker of microvascular vulnerability and are thus a risk factor for hemorhage 5) . Although the precise mechanism of hemorrhage in moyamoya disease remains unknown and no definite preventive treatment has been devised 6) , researchers continue to find better ways of preventing hemorrhage [5] [6] [7] 10, 13, 15) . Many reports have addressed treatment options for reducing the rates of re-bleeding in hemorrhagic moyamoya disease 4, 10, 13, 15, 16) ; however, reductions in re-bleeding incidents in hemorrhagic moyamoya patients after surgical treatment are difficult to assess due to a lack of long-term postoperative follow-up data 14, 15) . Nevertheless, bypass surgery is a powerful tool in this area because it likely aids in the prevention of re-bleeding, which increases the blood flow in revascularized collateral vessels and reduces the number of moyamoya vessels 10, 13) . The present case is very rare, but it leads us to speculate that abnormal moyamoya vessels may progress even after successful surgery. It could be possible that remained abnormal vasculature in the asymptomatic side could be a reason of hemorrhage.
Long-term follow-up studies would be needed in order to establish a natural history of moyamoya disease. A prospective randomized controlled trial is now underway in Japan in order to determine the effect of bilateral direct revascularization surgery on patients with adult hemorrhagic moyamoya disease 9, 14) . Through these efforts, further development on the integration of knowledge of moyamoya disease would make it possible for clinicians to determine the best strategies for the treatment and prevention of moyamoya disease.
CONCLUSION
Hemorrhagic events can occur long after successful EDAS in juvenile-onset moyamoya disease, and thus a lifetime follow-up strategy might be necessary even if a good collateral circulation has been established. Good collateralization of cerebral angiography or perfusion MRI after indirect bypass surgery would ensure against ischemic symptoms, not a hemorrhage.
